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Introduction 


Problems  in  Science  Instruction 

Providing  science  curricula  for  blind  students  equivalent  to 
that  of  sighted  students  is  frustrated  by  the  highly  pictorial  sci- 
ence texts.    Many  of  these  texts  enjoy  wide  use  and  popularity  but 
do  not  lend  themselves  to  meaningful  transcription  in  braille. 
Textbook  inspections  have  confirmed  that  increasing  numbers  of  con- 
cept-related activities  are  appearing  in  the  science  curriculum. 
The  expanding  science  curriculum  for  sighted  students,  however,  is 
compounding  the  educational  problem  for  blind  students.    As  the 
number  of  concept-related  activities  and  processes  pictorial ly  pre- 
sented in  science  texts  increases,  the  overall  percentage  of  activi- 
ties and  schematics  which  can  be  readily  interpreted  by  blind  stu- 
dents decreases.    The  inverse  proportion  is  due  largely  to  the 
highly  visual  illustrations  in  textbooks  which  have  facilitated 
learning  for  sighted  students. 

Inspection  of  commercially  available  biological  models  reveals 
numerous  three-dimensional  wooden  or  plastic  models.    These  three- 
dimensional  models  are  typically  designed  for  visual  representation, 
frequently  lack  adequate  tactual  legibility,  and  are  usually  quite 
expensive.    Embossed  representations  of  models  which  appear  in 
braille  textbooks  often  are  illegible  due  to  inherent  limitations 
of  two  dimensional  representations  of  three-dimensional  objects  and 
the  addition  of  confusing  indicator  lines  and  dots.    These  indicator 
lines  are  easily  confused  with  the  outline  of  the  model  itself  and 
often  the  result  is  a  meaningless  maze  of  raised  lines  and  braille 
dots . 

The  major  problems  underlying  commercially  available  instruc- 
tional materials  for  blind  students  in  science  result  from  the  fol- 
lowing conditions:    the  highly-visual  nature  of  science  textbooks, 
and  the  lack  of  appropriate  tactile  aids  necessary  for  blind  stu- 
dents to  interpret  visual  concepts  and  information  presented  in  the 
textbooks . 

Needs  in  Science 

The  following  excerpt  from  a  position  statement  (from  proceed- 
ings from  the  working  conference  supported  by  an  NSF  grant  on  SCI- 
ENCE EDUCATION  FOR  HANDICAPPED  STUDENTS  held  April  3-5,  1978,  in 
Washington,  D.C.)  provides  a  baseline  for  consideration  of  instruc- 
tional needs  for  handicapped  students  in  science. 

Handicapped  children  have  a  right  and  a  need  to  learn  basic 
science  content  and  skills.    Evidence  presented  at  the  con- 
ference indicated  that  handicapped  children  are  interested 
in  and  capable  of  learning  science.    Handicapped  students 
have  similar  needs  to  those  of  non-handicapped  students, 
therefore,  it  is  necessary  that  equal  education  opportuni- 
ties be  offered  to  handicapped  students. 
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Science  courses  should  be  an  integral  part  of  the  education 
of  all  handicapped  students  from  kindergarten  through  high 
school.    Physically  handicapped  students  should  receive  the 
same  comprehensive  exposure  to  the  various  fields  of  science 
as  do  non-handicapped  students.    The  teacher  who  teaches 
science  to  the  physically  handicapped  must  possess  a  strong 
comprehensive  science  background.    Science  teachers  utiliz- 
ing multi-sensory  instructional  techniques  and  laboratory- 
centered  programs  are  able  to  effectively  teach  physically 
handicapped  students  in  regular  classes  or  special  classes. 
The  instructional  strategies,  techniques  and  procedures 
found  to  be  effective  with  the  physically  handicapped  in 
science  are  those  also  found  to  be  effective  with  the  non- 
handicapped  student.    A  great  need  exists  for  the  dissemina- 
tion of  educational  information  about  science  materials, 
teaching  aids,  techniques,  conferences,  workshops,  etc., 
to  both  the  regular  and  special  education  teachers  who  teach 
science  to  the  handicapped  students. 

One  of  the  most  pressing  needs  in  the  education  of  the  visually 
handicapped  is  finding  alternate  methods  of  presenting  material 
which  is  usually  exhibited  visually.    The  sighted  student  of 
biology  typically  relies  upon  a  number  of  visual  learning  aids  to 
attain  the  curriculum  objectives.    Textbook  pictures,  diagrams,  and 
illustrations,  along  with  three-dimensional  models  and  laboratory 
specimens,  are  major  contri butories  to  the  learninq  process. 
Alternate  methods  of  presentation  and  specialized  materials  or  aids 
must  be  employed  if  blind  students  are  to  obtain  the  valuable  infor- 
mation normally  imparted  through  these  media. 

The  need  for  instructional  materials  in  the  biological  sciences 
was  emphasized  by  participants  in  the  Institute  on  Instructional 
Materials  Development  in  Science  for  Visually  Handicapped  (Franks, 
1970),  held  at  the  American  Printing  House  for  the  Blind.  Members 
identified  the  biological  sciences  as  an  area  with  a  critical  short- 
age of  educational  materials.    In  particular,  they  cited  the  lack 
of  satisfactory  tactile  models  of  representative  species  of  the 
major  plant  and  invertebrate  animal  phyla.    Also  recommended  were 
self-instructional  materials  which  would  afford  the  blind  student  a 
greater  measure  of  independence. 

Project  Objective 

This  project  was  undertaken  in  response  to  an  urgent  need  cited 
for  audio-tutorial  reference  materials  which  blind  and  visually 
handicapped  students  can  use  without  teacher  assistance  in  the 
rapid-paced  mainstream  classroom.    This  18-month  project  was  funded 
by  the  Physically  Handicapped  in  Science  section  of  the  National 
Science  Foundation.    Work  on  the  project  began  in  July  1979  and  was 
completed  in  December  1980.    The  principal  and  subordinate  objec- 
tives were: 


3 


1. 


Principal  objective 


To  develop  and  evaluate  self-instructional  reference  modules 
in  cell  division,  with  models  (color  coded,  tactile  sche- 
matics in  relief)  which  would  be  produced  at  the  American 
Printing  House  for  the  Blind  and  made  available  to  legally 
blind  students  throughout  the  United  States. 

2.    Subordinate  objective 

To  develop  a  format  and  guidelines  for  the  development  of 
self-instructional  reference  materials  for  upper  elementary 
and  junior  high  prebiology  students,  with  implications  for 
other  physically  handicapped  students  who  can  profit  from 
such  materials. 

Materials  Description 

The  materials  developed  in  this  project  consist  of  6  mitosis 
and  14  meiosis  models  —  each  depicting  a  phase  of  cell  division--and 
accompanying  self-instructional  tapes.    The  test  models  were  molded 
of  15-mil,  high  impact  styrene  by  a  vacuum- forming  process  and 
averaged  9  inches  (22.9  cm)  in  length  on  their  longest  sides.  Max- 
imum relief  was  approximately  1  inch  (2.5  cm).    Chromatic  coding 
was  employed  to  maximize  the  color  and  luminance  contrasts  pre- 
viously found  effective  by  low  vision  students  on  other  aids. 

The  accompanying  tapes  (recorded  at  1  7/8  ips)  focus  on  the 
critical  events  occurring  in  each  phase  of  cell  division.  Each 
tape  script  is  consistent  in  its  use  of  format,  which  includes: 
phase  overview,  introduction,  model  orientation,  content  section, 
summary,  and  unit  tests  (with  answers).    Large  print  and  braille 
glossaries  were  prepared  for  student  use.    A  print  script  with 
labeled  diagrams  was  included  for  use  by  a  sighted  reader  or 
teacher. 

The  models  were  developed  by  the  project  director  and  by  two 
science  consultants  who  prepared  the  initial  prototypes  and  test 
models.    The  consultants  independently  drafted  the  tape  scripts  and 
prepared  the  final  scripts  after  their  review  by  content  experts  and 
their  evaluation  in  the  field.    These  consultants  were: 

Dr.  Elva  Ruth  Gough 
Educational  Vision  Consultant 
Dekalb  and  Warren  County  Schools 
Box  254 

Smithville,  TN  37166 

Mrs.  Rebecca  Hunton 
Science  Department 
Indiana  School  for  the  Blind 
7725  College  Avenue 
Indianapolis,  IN  46240 
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In  its  October    1980  meeting,  the  American  Printing  House  Edu- 
cational Aids  Committee  approved  the  project  materials  for  produc- 
tion, with  models  constructed  in  polyurethane.    The  materials  will 
be  available  to  blind  students  across  the  United  States  and  through- 
out the  world. 

Project  Operation 

A  number  of  preliminary  activities  were  conducted.    Several  of 
the  activities  carried  over  into  the  developmental  and  evaluation 
phase. 

1.  More  than  40  volumes  of  biology  texts  and  reference  books 
and  materials  were  inspected  to  identify  critical  struc- 
tures and  events  occurring  in  each  developmental  phase  and 
to  determine  the  appropriate  information  to  be  included  in 
the  program  content.    These  references  are  listed  in  Appen- 
dix A. 

2.  A  systematic  procedure  (Franks,  1975)  developed  at  the 
American  Printing  House  for  identifying,  classifying, 
adapting/developing,  evaluating,  and  producing  educational 
aids  in  science  was  reviewed.    This  procedure  provided  the 
foundation  for  project  operation.    It  details  an  operational 
strategy  for  integrating  classroom  observation,  teacher 
expertise,  relevant  research,  and  educational  technology 

in  the  development  of  the  instructional  materials. 

3.  Materials  in  cell  division  (mitosis  and  meiosis)  composed 
of  prototype  models  and  accompanying  instructional  units 
were  developed  at  the  American  Printing  House.    An  earlier 
set  of  less  sophisticated  models  (Franks  &  Murr,  1978), 
which  were  tested  for  legibility  and  found  to  be  highly 
discriminable ,  provided  specimens  for  these  models. 
Symbols  were  employed  which  approximated  simplified  bio- 
logical structures  in  cell  division  as  seen  under  a  light 
microscope.    The  models  emphasized  simplicity,  but  offered 
additional  cues  where  complexity  occurred.    Texture,  size, 
shape,  and  relief  were  used  for  maximum  legibility.  Chro- 
matic color  coding  was  employed  to  maximize  color  and 
luminance  contrasts  for  low  vision  students. 

4.  Instructional  unit  drafts  for  each  phase  of  cell  division 
were  written  and  were  recorded  on  cassette  tapes.  Inter- 
phase, the  first  model  and  tape,  was  written  to  serve  as 
an  introduction  to  mitosis  as  well  as  the  first  reference 
unit.    The  content  level  was  prepared  for  high  school  stu- 
dents who  were  in  or  who  had  completed  the  first  course  in 
general  biology. 

5.  Glossaries  of  biological  and  scientific  terms  appearing  in 
the  units  were  drafted. 
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6.    Six  nationally  prominent  science  educators  and  biologists 
were  invited  to  serve  as  a  content  advisory  committee  to 
the  project.    These  experts  were: 

Dr.  Paul  C.  Beisenherz,  Associate  Professor 
College  of  Education 
University  of  New  Orleans 
New  Orleans,  Louisiana  70122 

Dr.  Dean  Brown,  Professor 
Science  Department 
Colorado  State  University 
Fort  Collins,  Colorado  80521 

Dr.  Kenneth  Ricker,  Associate  Professor 
Department  of  Science  Education 
University  of  Georgia 
Athens,  Georgia  30602 

Dr.  Ronald  Simpson,  Professor 
Department  of  Science  Education 
North  Carolina  State  University 
Raleigh,  North  Carolina  27607 

Dr.  Irwin  Slesnick,  Professor 
Biology  Department 
West  Washington  University 
Bellingham,  Washington 

Mrs.  Dorothy  Tombaugh,  Biology  Teacher 
Lyndhurst  Public  Schools 
Lyndhurst,  Ohio  44124 

Materials  Development  and  Evaluation 

Evaluation  of  Models  for  Legibility 

The  previous  inspection  of  biology  texts  and  reference  materi- 
als identified  structures  to  be  symbolized  on  the  models.  Proposed 
structures  on  seven  initial  mitosis  models—corresponding  to  six 
phases  in  miotic  development—were  specified.    These  were  listed  on 
a  critique  form  and  sent  to  the  content  advisory  committee  for  their 
comments.    Committee  members  were  asked  if  critical  structures  were 
identified  and  if  the  structures  represented  were  named  correctly. 
They  were  asked  for  any  additional  comments  they  wished  to  make. 
They  generally  agreed  on  structure  content  and  on  terminology. 
Questions  and  comments  were  made  relating  to  disappearing  membranes, 
spindle  rays,  and  occurrence  of  some  events  in  phases. 

Symbols  varying  from  those  previously  evaluated  by  Franks  (1978) 
were  tested  for  legibility.    Pseudo-models  and  materials  were  con- 
structed for  use  in  testing  the  legibility  of  the  symbols. 
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Students  who  were  in  or  had  completed  biology  or  a  related 
science  course  participated.    To  insure  that  the  tasks  were  performed 
tactually,  students  with  useful  residual  vision  used  shades  as  in 
the  previous  legibility  tests  of  biological  symbols  cited  above.  A 
total  of  24  students  were  included  in  the  mitosis  evaluation.  A 
breakdown  of  students  by  age,  grade  range,  and  sex  is  presented  in 
Table  1. 

Table  1 
Mitosis  Symbols 

N_       Age  range      Mean  age       Grade  range       %  female       %  male 

24  14-21  17  9-12  37.5  62.5 

A  total  of  11  students  was  included  in  the  meiosis  evaluation. 
A  breakdown  of  students  by  age,  grade  range,  and  sex  is  presented  in 
Table  2. 

Table  2 
Meiosis  Symbols 

N_       Age  range       Mean  age       Grade  range       %  female       %  male 

11  15-21  17.3  9-12  63.6  36.4 

Overall  performance  on  the  two  tests  approached  100%  correct 
performance,  with  only  one  incorrect  response  on  one  mitosis  symbol. 
A  breakdown  for  legibility  by  symbol  for  mitosis  (N_  =  24)  and  meio- 
sis (N  =  11)  is  presented  in  Table  3. 

Table  3 


Symbol  Legibi 1 i ty--Mi tosis  and  Meiosis 


N 

Symbol 

Percentage  Correct 

24 

Cell  Membrane 

95.83 

24 

Centriole 

100.00 

24 

Nuclear  Membrane 

100.00 

24 

Chromosome 

100.00 

24 

Nucleus 

100.00 

24 

Chroma ti  d 

100.00 

24 

Nuclear  Mernbrane--Dissol ving 

100.00 

24 

Paired  Chromatids 

1 00 . 00 

24 

Protein  Fibers/Astral  Rays 

100.00 

11 

Revised  Centriole 

100.00 
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N 


Symbol 


Percentage  Correct 


Metaphase  I,  Chromosome  A 
Metaphase  II,  Chromosome  B 


100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 


Homologous  Chromosomes,  Diplotene  Stage 
Chromosomes,  Z-P  Stages 


Telophase  II,  Chromosome  A 

Telophase  II,  Chromosome  B 

Telophase  II,  Chromosome  C 

Telophase  II,  Chromosome  D 


A  criterion  of  85%  correct  response  for  each  model  part  was 
previously  established. 

Evaluation  of  Script  Content 

In  a  meeting  at  the  National  Science  Teachers  Association  Con- 
vention in  Washington,  D.C.,  the  content  advisory  committee  reviewed 
the  models  and  the  unit  format  and  content. 

The  committee  members  were  enthusiastic  about  the  mitosis 
models.    On  content,  they  suggested  that  the  authors  consider: 

1.  Changes  which  will  occur  in  biology  textbooks  as  a  result 
of  new  discoveries  (e.g.,  two  centromeres  instead  of  one 
in  prophase) . 

2.  Effects  of  the  expanding  content  in  biology  (e.g.,  more 
depth  in  content  with  increasing  numbers  of  offerings  in 
advanced  high  school  biology)  as  well  as  simplified  pre- 
sentations (e.g.,  with  meiosis  especially)  as  biological 
content  filters  down  in  junior  high  (middle  school)  texts. 

3.  Inclusion  of  basic  questions  and  answers  related  to  unique- 
ness of  the  medium  and  the  content,  reference  and/or 
thought-stimulating  questions  possibly,  and  of  relation  to 
real  life  and  purpose  where  possible. 

A  subsequent  project  review  meeting  with  the  content  advisory 
committee  was  held  in  conjunction  with  the  National  Association  of 
Biology  Teachers  Convention  in  New  Orleans.    The  meeting  focused  on 
"What  are  the  weaknesses  of  the  materials?"    and  "How  can  the  mater- 
ials be  improved?"    Participants  suggested  that: 

1.  The  mitosis  and  meiosis  content  should  be  related  to  biol- 
ogy and  to  life  (reproduction). 

2.  The  process  be  summarized  with  a  schematic,  although  this 
might  not  be  needed  if  a  short  story  (e.g.,  cell  city 
anthology)  introduction  were  provided. 

3.  A  summary  or  review  of  each  phase  should  be  included  instead 
of  some  of  the  questions  now  included  as  part  of  the  content. 


8 


4.  More  examples  related  to  rate  of  time  of  division  of  cells 
and  variation  in  rates  be  included.  Geometric  progression 
should  be  considered. 

5.  The  content  is  technical  and  could  be  overwhelming  for 
some  students,  and  a  multiplier  effect  could  occur  because 
of  the  number  of  sources  used  in  preparing  the  scripts. 
The  emphasis  was  on  reducti on  and  not  on  el imi nati on  of 
terminology. 

Additional  comments  included: 

The  problem  of  motivating  mains treamed  students  to  a  high 
level  of  participation  in  evaluation  was  recognized.  Much 
of  the  students'  time—particularly  with  meiosis--must  be 
spent  on  their  own.    A  reward  system  of  some  kind  received 
positive  response. 

Pilot  Test  Activities 

Pilot  Test  Activity  I  was  conducted  in  a  summer  school  science 
program  with  27  students  using  the  mitosis  models  and  tapes.  It 
was  very  successful.    The  results  confirmed  that  the  materials  were 
suitable  for  field  evaluation.    Five  of  the  students  included  had 
normal  vision,  13  were  large  print  readers,  and  9  were  totally  blind 
or  braille  readers.    A  preliminary  breakdown  of  performance  on 
mitosis  from  reports  of  the  evaluating  teacher  is  presented  in  Table 
4. 

Table  4 

Concept  Understanding  on  Mitosis  Tapes  and  Models 


Concept  understanding  Regular  vision  Large  print  Brai lie 

Good/Excellent  1  7  7 

Relatively  good  1  4  1 

Superficial  1  1  1 

Poor  1  1  0 

Lacks  the  concept  1  0  0 


When  each  student  had  gone  through  a  tape  and  could  answer  all 
of  the  questions,  he  summarized  each  phase.    The  summary  was  to 
re-establish  what  he  had  learned  and  was  for  his  use.    Upon  comple- 
tion of  the  mitosis  unit,  each  student  prepared  a  brief  description 
and  summary  of  the  events  leading  up  to  and  during  cell  division. 
The  teacher  evaluated  this  summary  and  had  the  student  sequence  or 
order  the  models.    These  pilot  test  activities  were  conducted  by: 

Mr.  James  Chudomel  (formerly  science  teacher:    Montclair  Aca- 
demy ,  N.J.) 
237  1/2  Mt.  Lucas  Road 
Princeton,  N.J.  08540 
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Pilot  Test  Activity  II  was  conducted  with  11  students  (4 
braille,  7  large  print)  at  the  Indiana  School  for  the  Blind  who  had 
used  mitosis  and  meiosis  materials  in  their  biology  class.  The 
purpose  of  this  evaluation  session  was  to  get  student  critiques  on 
the  field  evaluation  forms  and  procedures,  to  get  suggestions  for 
improving  the  overall  project  materials,  and  to  get  student  input 
on  preparation  of  the  glossaries. 

Student  evaluation  consisted  of  the  following  activities: 

1.  Sequencing  the  models  in  order  by  phase. 

2.  Using  the  models  in  writing  open-ended  summaries  by  phase 
or  event. 

3.  Critiquing  the  evaluation/ interview  form  items. 

Students  had  no  difficulty  in  preparing  the  summaries  or  in 
sequencing  the  models.    They  reacted  positively  to  the  evaluation 
form— its  flexibility  and  lack  of  undue  emphasis  on  rote  memory  of 
the  biological  terms  used  in  the  units.    However,  they  indicated 
that  they  had  initially  experienced  difficulty  with  the  number  and 
variety  of  biological  terms  presented. 

Students  had  several  specific  suggestions  for  the  glossary. 
Their  suggestions  were: 

1.  Make  the  glossaries  available  in  large  print  and  braille. 
(No  student  requested  a  taped  glossary.)    Because  the 
terms  were  new,  difficult  to  spell,  and  numerous,  students 
expressed  unanimously  the  need  for  a  glossary  they  could 
inspect  visually  and/or  factually  as  they  used  the  tapes. 

2.  Include  all  new  and  difficult  biological  terms.  These 
terms  presented  greater  problems  for  braille  students  and 
they  wanted  to  see  them  spelled  correctly  in  braille.  Low 
vision  students  expressed  a  similar  dilemma,  although  not 
as  emphatically  as  braille  students.    They  wanted  to  see 
the  words  spelled  correctly  in  print.    The  class  felt  that 
such  a  glossary  would  be  even  more  valuable  for  students 
who  use  the  materials  independently. 

3.  Spell  and  define  the  word  the  first  time  it  appears.  The 
class  suggested  a  procedure  for  use  of  the  braille  and 
large  print  glossaries: 

Indicate  each  specialized  term  in  the  text  with  a 
"click.11    The  student  can  stop  the  tape  and  find 
the  term  in  the  glossary  without  losing  his  place. 
He  can  study  the  term  and  replay  the  text  portion 
until  he  is  ready  to  go  on. 
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Field  Evaluation  and  Results 

The  materials  were  evaluated  by  21  (15  braille,  6  large  print) 
students  in  residential  and  public  school  settings  who  used  the 
models  and  taped  programs.    Emphasis  was  given  to  collecting  infor- 
mation from  braille/tactile  students  since  greater  instructional 
problems  were  believed  to  exist  for  them  than  for  low  vision  stu- 
dents.   The  students  participated  as  project  assistants.    The  resi- 
dential school  students  (Field  Evaluation  Group  A)  were  evaluated 
separately  to  provide  for  more  observation  and  student  interaction 
during  use  of  the  materials  than  was  possible  with  public  school 
students  (Field  Evaluation  Group  B),  who  most  often  were  served  by 
itinerant  teachers.    A  list  of  these  students  and  participating 
teachers  is  included  in  Appendix  B. 

Field  evaluation  group  A.    Seven  braille  and  2  large  print  stu- 
dents from  the  Georgia  Academy  for  the  Blind  participated  in  the 
evaluation.    A  breakdown  by  science  level,  reading  medium,  and  grade 
is  presented  in  Table  5. 

Table  5 


Student  Project  Assistants—Group  A 


Student 

Science  level 

Medium 

Grade 

Comments 

A 

Prebiology 

Brai lie 

8 

No  vision 

B 

Prebiology 

Braille 

9 

Light  perception 

C 

Prebiology 

Brai lie 

9 

No  vision 

D 

Prebiology 

Brail le 

10 

No  vision 

E 

Prebiology 

Brail le 

10 

No  vision 

F 

Prebiology 

Brai  lie 

10 

No  vision 

G 

Prebiology 

Brai  lie 

11 

lp  IP 

H 

Biology 

Print 

11 

lp  20/80  (near  point) 

I 

Biology 

Pri  nt 

10 

20/150  20/150  (near  point) 

The  major  differences  between  Evaluation  Group  A  and  Group  B  were 
that  the  student  project  assistants  in  Group  A: 


1.  Included  a  number  of  prebiology  students. 

The  students  were  designated  by  their  science  teacher  as  pre- 
biology students  who  will  eventually  take  biology.    The  pro- 
ject director  was  interested  to  learn  if  prebiology  students 
could  use  the  materials  following  the  content  format. 

2.  Met  initially  in  group  sessions  with  the  project  director  to 
ensure  that  the  prebiology  students  could  handle  the  content. 
(One  prebiology  student  did  drop  out.) 

3.  Were  observed  using  the  mitosis  models  by  the  project  direc- 
tor as  they  listened  to  tapes. 
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4.  Held  group  critique  sessions  after  listening  to  each  of 
the  first  four  (mitosis)  tapes. 

5.  Were  able  to  meet  with  the  project  director  individually 
or  in  groups  on  a  daily  basis. 

6.  Had  a  time  limitation  of  2  weeks,  including  one  weekend, 
to  complete  the  project. 

Students  in  Group  A  were  given  a  very  brief  review  of  the  basic 
cell.    Mitosis  and  meiosis  were  identified  as  kinds  of  cell  division. 
With  this  brief  introduction,  students  began  using  the  tapes  and 
models.    Interphase,  prophase,  metaphase,  and  anaphase  were  presented 
in  three  group  sessions  to  ensure  that  students  were  able  to  compre- 
hend the  materials  and  procedures.    Since  most  of  the  students  had 
little  prior  related  instruction  and  since  the  materials  were  pre- 
pared for  biology  students,  it  was  anticipated  that  the  prebiology 
students  might  experience  frustration.    The  initial  group  sessions 
were  to  reduce  this  frustration  and  to  identify  problems  prebiology 
students  might  have.    At  the  end  of  the  third  session,  students 
were  allowed  to  check  out  materials  to  take  to  the  dormitories  for 
independent  use. 

Students  were  given  the  following  instructions: 

Go  through  each  set  of  tapes  using  the  models.  Since 
the  tapes  are  self-instructional,  you  may  go  through  them 
at  your  own  pace.    After  you  have  gone  through  each  tape 
using  the  model,  you  will  summarize  the  phase.    Each  tape 
is  about  20  minutes  in  length.    This  summary  is  to  re- 
establish what  you  have  learned  and  is  for  your  own  use. 
When  you  have  completed  the  mitosis  unit  and  tapes,  you 
will  prepare  a  brief  description/summary  of  the  events. 
The  supervising  teacher  will  evaluate  the  summary  and  will 
ask  you  to  sequence  the  models  in  the  correct  order.  The 
teacher  will  record  your  performance  in  sequencing  the 
models.    You  may  use  your  summary  in  sequencing  the  models. 
The  teacher  will  send  us  your  summary  of  events.    It  is  not 
necessary  for  you  to  put  your  name  on  the  summary.  The 
teacher  will  verify  that  you  have  completed  it.    When  you 
have  completed  the  mitosis  unit,  you  can  proceed  with  meiosis 
following  the  same  procedures. 

We  also  want  your  evaluation  of  the  materials.  Your 
input  will  not  only  determine  the  changes  made  in  these 
sets  of  materials  but  will  have  a  significant  impact  on 
whether  we  pursue  development  of  additional  similar  kinds 
of  reference  materials  in  science.    In  a  final  interview 
we  will  want  you  to  respond  to  such  questions  as:    Do  you 
think  that  too  many  scientific  or  biological  terms  are 
included?    Which  terms  should  be  eliminated?    Which  terms 
should  be  included  in  the  accompanying  glossary?  (There 
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is  a  "click"  on  the  tape  after  each  term  we  have  listed 
for  the  glossary.)    Do  the  questions  included  in  the  tape 
help?    Are  there  too  many?    Which  ones  should  be  eliminated? 
What  suggestions  do  you  have  for  improving  the  materials? 
Would  you  like  to  have  more  of  this  kind  of  instructional 
materials  developed? 

Criticism  by  students  in  initial  group  sessions  was  related 
to  unit  overviews  and  vocabulary  and  resulted  in  the  following  sug- 
gestions : 

1.  Include  a  simple  overview  in  the  introduction  of  what  the 
unit  (e.g.,  mitosis)  is  about--one  that  summarizes  using 
a  minimum  of  biological  terms. 

2.  Include  a  similar  phase  overview  at  the  beginning  of  each 
tape  with  an  additional  summary--in  simple  language—of 
what  has  been  covered  on  previous  tapes.    For  example, 
Tape  3  in  a  series  would  highlight  or  summarize  sequen- 
tially the  events  in  Tapes  1  and  2  before  it  gives  the 
overview  for  Tape  3.    This  is  important  because  there  may 
be  a  significant  time  lapse  between  (use  of)  models  and 
tapes,  and  all  of  the  tapes  may  not  always  be  available 
when  the  student  wants  to  use  them. 

Students  did  not  complain  about  the  extensive  use  of  scientific 
vocabulary  in  the  tapes.    They  did  question  if  such  extensive  use 
will  be  necessary  in  prebiology  materials.    Some  students  stated 
that  since  these  are  reference  materials,  the  terminology  should  be 
included  for  those  who  may  use  it.    However,  simpler  explanations 
should  be  included  for  those  who  don't  need  all  the  detail. 

There  was  emphasis  on  not  being  able  to  spell  the  terms  and 
the  need  for  a  braille  or  large  print  glossary  to  have  at  hand  when 
going  through  the  tapes.    (One  student  reported  that  many  of  the 
terms  were  not  in  his  dictionary.)    Students  liked  the  "clicks" 
identifying  terms  to  be  included  in  the  glossary.    Another  related 
response  was  that  a  student  can  check  the  spelling  of  a  term  immedi- 
ately in  the  glossary  if  he  wishes,  stopping  the  tape  very  briefly 
or  perhaps  not  at  all.    To  compare  the  pronunciation  and  spelling 
of  a  term,  the  student  can  back  up  (rewind  the  tape)  as  many  times 
as  necessary. 

Although  it  was  apparent  that  students  experienced  some  initial 
difficulty  with  the  unfamiliar  biological  terms,  little  frustration 
was  evident.    The  students  quickly  learned  to  focus  on  events—as 
instructed—and  concentrated  on  terms  and  definitions  related  to 
critical  events.    Observations  suggested  that  students  gained  an 
operational  understanding  of  critical  events  in  a  phase  before  they 
were  able  to  verbalize  the  events.    In-group  discussion  and  inter- 
action in  the  first  three  sessions  improved  verbalization  and  use 
of  specialized  terms. 
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By  the  third  session  with  Tape  3  (Anaphase)  an  air  of  guarded 
confidence  began  to  emerge  in  several  students.    Some  began  to 
verbalize  almost  freely  using  correct  biological  terms  in  describ- 
ing and  summarizing  events.    Students  began  to  look  ahead  to  com- 
pleting their  overall  summary  of  mitosis,  and  the  question  of  spel- 
ling the  terms  correctly  again  arose.    The  initial  lack  of  famili- 
arity with  terminology  appeared  to  present  little  difficulty  in  fol- 
lowing the  tapes  and  locating  structures  on  the  models,  even  with 
Tape  2  (Prophase),  which  is  complicated  and  contains  more  struc- 
tures and  events  than  the  other  phases  in  mitosis.    Correct  spel- 
ling of  terms  remained  a  persistent  question. 

Although  little  difficulty  was  observed  locating  structures  on 
the  models,  students  were  monitored  during  the  model  orientation 
segments  of  the  tapes  in  the  group  sessions.    Students  were  observed 
occasionally  checking  other  students'  identification  of  structures 
or  asking  other  students  for  confirmation  that  the  correct  structure 
had  been  found. 

The  students  were  unanimous  in  their  statements  that  the  models 
"make  the  content  easier  to  understand."    This  is  an  interesting 
interpretation  of  the  role  of  the  models  in  the  materials  package. 
At  this  point  students  elaborated  on  the  poor  quality  and  lack  of 
legibility  of  raised  line  drawings  in  science  textbooks,  and  on  the 
problems  of  relating  the  drawings  to  text  content  and  vice  versa. 
Particularly,  braille  students  emphasized  the  difficulty  in  identi- 
fying diagrams  and  their  parts  with  the  maze  of  labels  and  raised 
lines  on  the  diagrams. 

One  student's  enthusiastic  response  upon  inspection  of  the 
Interphase  model  was ,  "You  can  really  feel  something  on  the  model 
that  you  can  identify."    All  students  praised  the  clarity  of  the 
uncluttered  models  as  compared  to  raised  line  drawings  in  science 
texts.    Another  student  observed,  "When  you  are  able  to  follow  the 
raised  line  on  the  textbook  diagram,  you  can't  always  be  sure  of 
what  you  are  supposed  to  find."    Low  vision  students  also  expressed 
difficulties  in  using  cluttered  diagrams  in  textbooks. 

Students  liked  the  format,  particularly  the  question  and  answer 
exercises  and  the  unit  tests.    Although  they  didn't  always  respond 
orally  in  the  group,  they  were  able  to  reinforce  and  verify  answers. 
They  liked  being  able  to  check  their  answers  to  questions  immediately, 
particularly  since  they  didn't  have  to  write  or  braille  every  answer. 
Students  stated  that  the  repetition  and  question  and  answers  enabled 
them  to  learn  more  easily.    The  short  content  segments  followed  by 
questions  and  answers  and  the  relatively  short  tapes  reduced  bore- 
dom.   One  braille  student  noted  that  the  consistency  in  format  made 
the  learning  process  easier--he  was  able  to  structure  information 
mentally  with  a  minimum  of  note-taking.  Another  braille  student  com- 
mented, "You  feel  good  when  you  are  able  to  answer  a  question  cor- 
rectly."   Reaction  to  the  bell  tone  in  the  question  and  answer 
activities  was  positive.    Students  did  not  report  problems  or  con- 
fusion with  the  clicks  and  bells. 
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The  students  in  Group  A  worked  independently  with  the  meiosis 
models  and  tapes.    They  submitted  summaries  to  the  participating 
science  teacher  and  initially  tried  to  sequence  the  14  models  with- 
out access  to  their  summaries.    Three  of  the  9  students  succeeded. 
Two  of  these  were  braille,  prebiology  students  and  the  third  was  a 
large  print  student  enrolled  in  a  biology  class.    When  students  had 
access  to  summary  information,  the  teacher  reported  that  all  were 
able  to  sequence  the  meiosis  models  in  order  of  events. 

Field  evaluation  group  B.    Eleven  (8  braille,  3  large  print) 
legally  blind  students  from  California,  Wisconsin,  Massachusetts, 
Ohio,  and  Georgia  participated  as  project  assistants  in  evaluating 
the  materials  in  mainstream  classes  in  public  school  programs.  The 
students  either  were  enrolled  in  or  had  completed  a  biology  course. 
Six  public  school  teachers  also  participated  with  students  in  Group 
B. 

Students  in  Group  B  generally  were  served  by  itinerant  teachers 
who  had  limited  time  and  student  contact.    The  following  evaluation 
procedure  was  included  with  the  project  materials  sent  to  each  par- 
ticipating teacher. 

1.  When  a  student  has  gone  through  a  tape  (recorded  at  1  7/8 
ips)  and  can  answer  all  of  the  questions,  have  him  sum- 
marize each  phase  in  writing.    This  summary  is  to  re-estab- 
lish what  the  student  has  learned  and  is  for  his  own  use. 

2.  Upon  completion  of  the  mitosis  (meiosis)  unit,  have  the 
student  prepare  a  brief  description/summary  of  the  events 
leading  up  to,  during,  and  after  cell  division  also  in 
writing.    Have  him  end  the  summary  with  an  answer  to  the 
following  question:    What  is  the  final  outcome  in  mitosis 
(meiosis)?    He  may  use  his  notes  from  1.  above. 

3.  When  he  presents  his  summary,  ask  him  to  use  it  to  sequence 
the  models  in  order  of  events.    Please  record  his  perfor- 
mance in  sequencing  on  his  summary. 

4.  Upon  completion  or  during  the  evaluation,  I  will  visit  you 
for  an  interview  or  will  send  an  interview  form.    On  the 
form--one  for  you,  one  for  the  student(s)--we  will  want 
you  to  tell  us  the  changes  that  can  be  made  to  improve  the 
materials.    Categories  will  be  listed;  you  can  check  and 
comment.    Your  input  and  that  of  your  students  will  deter- 
mine the  final  content  of  the  units.    For  example,  students 
may  feel  that  there  are  too  many  questions  in  the  units. 

If  so,  we  will  reduce  or  eliminate  questions.    There  is  a 
"click"  after  each  term  included  in  the  glossary.    The  stu- 
dent may  want  more  or  fewer  of  the  terms  included.  The 
student  interview  form  will  have  an  item  asking  whether  he 
wants  the  glossary  on  tape,  in  braille,  or  in  large  print. 
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You  may  have  suggestions  for  making  the  materials  more 
self-instructional,  or  you  may  feel  from  student  response 
that  the  content  is  too  difficult. 

5.    We  want  to  receive  the  student  summaries  along  with  evalu- 
ations on  the  materials. 

These  are  reference  materials  and  not  curriculum  materials. 
There  are  no  incorrect  answers  as  such.    Your  evaluation 
and  that  of  the  student  is  in  terms  of  the  value  and  appro- 
priateness of  the  models  and  tapes  as  reference  materials 
in  biology. 

Responses  to  evaluation  items  by  public  school  teachers  and  by 
students  in  Group  B  were  very  similar.    Responses  for  6  teachers 
and  11  students  in  Group  B  are  reported  by  category  in  Table  6. 

Table  6 

Group  B  (Public  School  Teachers  &  Students)  Evaluation  of 
Audio-Tutorial  Reference  Materials  in  Biology 

(N  =  17) 

%  responding     %  responding       %  not 
Evaluation  Categories  posi ti vely        negati vely  responding 

Overall  unit  organization, 

content,  and  format  98.8  1.2 

Instructions  for  use  (Tape  1)  100.0 

Overview  section  100.0 

Introduction  section  100.0 

Model  orientation  97.1  2.9 

Unit/phase  content  94.1  5.9 

Summary  100.0 

Unit  tests  and  exercises  97.1  2.9 

Glossary  72.1                9.3  18.6 

Models  86.3  13.7 

Tapes  97.1  2.9 

Labeling  and  packaging  54.8  45.2 
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Response  patterns  are  very  similar  to  those  by  students  in 
Group  A.    Responses  for  the  total  group  of  participating  teachers 
and  students  are  summarized  in  the  Discussion  and  Summary  section. 
Specific  differences  in  responses  by  teachers,  by  students  in  Group 
A,  and  by  Group  B  are  included. 

Discussion  and  Summary 

Some  30  teachers  and  students  participated  in  interview/evalu- 
ations of  the  materials.    The  following  summaries  are  based  on 
responses  from  28  (21  students,  7  teachers)  participants.    The  cate- 
gories correspond  to  those  that  the  participants  reacted  to  on  the 
interview/evaluation  forms. 

1.  Overall  unit  organization,  content,  and  format. 

Students  and  teachers  were  unanimously  positive  in  this 
category.    The  items  included:  (a)  follows  a  logical 
sequence,  (b)  states  essential  information  clearly, 
(c)  explains  effectively  the  phases  in  the  process  of 
mitosis  and  meiosis,  (d)  makes  adequate  use  of  the  models 
as  part  of  the  program,  and  (e)  utilizes  a  format  which  is 
easily  followed. 

2.  Instructions  for  use  (Tape  1) 

Again,  teachers  and  students  responded  affirmatively. 
They  indicated  that  the  instructions  provide  essential 
information,  are  stated  clearly,  and  follow  a  logical 
sequence. 

3.  Overview  section 

Response  was  unanimously  positive  in  this  section.  Par- 
ticipants felt  that  overview  summaries  clearly  present  the 
events  in  each  phase  and  that  essential  information  is 
included.    Students  especially  liked  the  overviews,  but 
suggested  that  they  include  only  critical  biological  terms. 

4.  Introduction  section 

Students  and  teachers  indicated  that  the  introduction  sec- 
tion provides  essential  information  for  proceeding  with  the 
unit/phase.    Some  students  wanted  the  explanation  of  "clicks 
reduced--too  much  repetition. 

5.  Model  orientation 

Again,  participants  responded  that  the  section  states 
instructions  clearly  and  includes  essential  information. 
Students  were  most  enthusiastic  about  the  models  and 
stated  that  they  made  the  content  easier  to  understand. 
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One  braille  student  indicated  that  he  would  like  more 
information  on  the  shape  and  location  of  various  struc- 
tures . 

6.  Unit/phase  content 

Students  and  teachers  generally  were  affirmative  in  their 
responses  on  the  following  items  in  this  section:  (a) 
conveys  overall  information  clearly,  (b)  states  explicitly 
specialized  vocabulary  and  biological  terms,  (c)  relates 
vocabulary  and  events  to  the  content  in  each  phase,  and 
(d)  relates  clearly  the  use  of  the  models  in  the  content. 
There  was  mixed  response  to  the  item:  (e)  uses  language/ 
terminology  which  is  too  difficult  for  high  school  biology 
students.    Students,  however,  were  more  concerned  with 
spelling  of  terms  than  with  their  use.    Students  suggested 
that  only  critical  terms  be  used  in  the  overviews,  other- 
wise their  use  was  OK. 

7.  Summary 

Students  and  teachers  responded  favorably  to  these  summary 
items:    (a)  provides  a  helpful  review  of  each  phase/unit, 
(b)  includes  essential  information,  and  (c)  summarizes 
clearly  the  events  of  each  phase.    Students  responded  posi- 
tively to  the  summaries--as  they  did  to  the  overviews. 
They  thought  that  the  summaries  were  very  valuable.  Again, 
the  suggestion  to  use  only  the  critical  terminology  in  the 
summaries  was  frequent. 

8.  Unit  tests  and  exercises 

Students  and  teachers  were  generally  affirmative  in  their 
responses  to  the  item  "provides  a  helpful  review  of  each 
phase  and  states  questions  clearly."    Braille  students  par- 
ticularly noted  that  the  question  and  answer  activities 
made  learning  easier  and  reduced  the  amount  of  note-taking 
necessary.    Some  students  thought  questions  and  answers  in 
the  middle  of  a  section  was  confusing.    Accelerated  stu- 
dents felt  that  there  was  redundant  presentation  of  infor- 
mation in  the  question  and  answer  sections.    Several  indi- 
cated that  they  usually  skipped  over  these  portions. 
Braille  students  and  a  number  of  other  students  stated  that 
they  liked  the  immediate  feedback  provided  by  the  answers. 

9.  Glossary 

Students  and  teachers  indicated  that  the  glossary  terms 
included  provided  adequate  coverage  of  specialized  and  bio- 
logical vocabulary.    They  stated,  however,  that  they  wanted 
glossaries  available  in  large  print  and  braille  for  use  with 
the  tapes.    They  were  emphatic  in  this  demand.    They  did 
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not  feel  that  terms  were  always  defined  clearly  in  the 
text,  but  overall  this  would  not  present  a  great  problem 
with  a  glossary  available. 

In  regard  to  "too  many  difficult  terms"  and  "definitions 
which  are  confusi ng ,"  students  responded  that  they  felt  that 
scientific  terms  are  used  in  reference  books  and  that  they 
should  be  included  here  for  those  students  who  need  them. 
However,  students  were  definite  about  the  inclusion  of 
simpler  explanations  for  those  students  who  are  seeking 
general  information  (e.g.,  what  mitosis  is  and  what  happens 
in  mitosis).    They  would  like  to  see  this  kind  of  informa- 
tion in  the  overviews  and  summaries. 

10.  Models 

Perhaps  the  most  enthusiastic  responses  were  on  the  quality 
and  clarity  of  the  models.    Students  felt  that  the  models 
"made  the  tapes  easier  to  understand."    They  indicated  that 
the  models  were  durable  for  testing  purposes,  that  the  size 
is  adequate,  although  some  students  thought  they  could  use 
smaller  models,  and  that  the  symbols  are  appropriate  for 
the  structures  they  represent.    Most  students  interviewed 
had  questions  concerning  how  the  models  were  made  and 
wanted  to  know  if  there  would  be  more  of  the  same  kinds  of 
materials.    A  number  of  students  and  teachers  stated  that 
the  plastic  (vacuum- formed)  models  were  acceptable,  others 
favored  "solid"  models  like  commercially  available  ones. 

11.  Tapes 

Evaluation  items  on  the  tapes  were:    (a)  lead-in  is  ade- 
quate, (b)  pauses  are  of  sufficient  length,  (c)  reader's 
voice  is  acceptable,  and  (d)  the  overall  quality  of  the 
tapes  is  adequate.    Students  and  teachers  were  very  pleased 
with  the  quality  of  the  tapes.    Some  students  suggested 
that  the  lead-in  time  was  too  long.    However,  a  number  of 
the  students  used  variable  speed  players  and  had  no  com- 
plaints about  lead-in  time. 

12.  Labeling  and  packaging 

Students  and  teachers  interviewed  agreed  that  labeling  in 
braille  and  print  in  the  near  right  corner  of  each  model 
would  be  acceptable.    The  models  used  in  evaluation  were 
not  labeled  since  part  of  the  students'  task  was  to  sequence 
them  in  order  of  the  events  occurring  in  mitosis  and  meiosis. 
There  was  further  inquiry  regarding  the  inclusion  in  each 
script  of  a  print  diagram  with  labeled  parts  that  the 
teacher  or  sighted  reader  might  use  if  the  student  had 
difficulty  in  identifying  a  structure. 
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Packaging  received  the  major  criticism  made  by  participants. 
Students  and  teachers  want  a  carrying  case  of  some  kind  with 
a  specific  place  for  each  model  and  tape.    Teachers  may  be 
carrying  the  models  from  school  to  school.    Although  stu- 
dents might  not  check  out  the  entire  set  at  one  time,  they 
want  some  provision  for  carrying  and  keeping  what  they  do 
take  home.    This  problem  will  be  addressed  by  the  American 
Printing  House  production  department  in  the  course  of  pro- 
ducing the  set  of  materials. 

Teacher  interviews  disclosed  some  comments  and  suggestions  which 
were  not  presented  in  sessions  when  the  student  and  teacher  were 
together.    The  notable  remarks  related  to  content  difficulty. 
Teachers  of  accelerated  blind  students  felt  that  there  was  too  much 
repetition  and  that  this  was  demeaning  or  a  putdown  to  these  stu- 
dents.   Some  felt  that  there  was  too  much  detail,  although  the 
materials  were  logically  and  clearly  organized.    Some  indicated 
that  the  materials  were  great  for  self-motivating  advanced  students, 
but  were  too  detailed  for  the  general  biology  students.  Teachers 
were  emphatic  about  spelling  out  specialized  terms,  with  some  sug- 
gesting an  immediate  spelling  when  the  term  appeared. 

Student  interviews  revealed  similar  comments  and  suggestions. 
More  advanced  students  supported  teachers'  views  that  there  was  too 
much  repetition,  including  the  question  and  answer  sections.  When 
queried,  two  students  stated  that  they  skipped  those  sections  most 
of  the  time.    Other  students  —  including  several  braille  readers- 
felt  that  the  repetition  and  question  and  answer  sections  enabled 
them  to  gain  the  information  with  a  minimum  of  note-taking.  Their 
major  concerns  related  to  packaging,  spelling  out  biological  terms 
somewhere  on  the  tape,  and  providing  a  braille  and/or  large  print 
glossary.    Accelerated  students  appeared  to  be  selective  in  their 
use  of  repetitive  information  while  other  students  relied  on  it, 
particularly  the  overviews  and  summaries.    Although  the  meiosis 
section  contained  more  than  twice  the  number  of  models,  students 
did  not  seem  to  feel  that  the  section  was  more  difficult.    Some  stu- 
dents reported  sequencing  the  meiosis  models  prior  to  using  the 
tapes ! 

Guidelines 

A  subordinate  objective  of  this  project  was  the  preparation  of 
guidelines  for  the  development  of  subsequent  self-instructional 
reference  materials  for  visually  handicapped  students  below  the  high 
school  biology  level.    The  guidelines  have  implications  for  students 
with  additional  handicapping  conditions.    The  first  section  presents 
legibility  considerations  for  the  development  of  models  or  tactile 
schematics.    The  second  section  presents  guidelines  which  focus  on 
preparation  of  the  content  of  the  reference  program. 
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Legibility  Considerations 


Information  included  in  this  section  is  summarized  from  a 
review  of  research  relating  to  tactile  legibility  in  an  earlier 
publication  by  Franks  (1979).    A  number  of  research  studies  in 
which  empirical  data  were  actually  collected  on  blind  subjects  were 
examined  to  determine  if  they  could  be  utilized  in  developing 
specifications  for  instructional  aids  in  science.    While  none  of 
the  studies  investigated  problems  specifically  related  to  materials 
development  in  science,  a  number  of  clues  underlying  the  tactile 
design  of  educational  aids  and/or  displays  on  the  aids  were 
revealed.    These  guidelines  were  utilized  in  the  development  of 
biological  models  for  blind  students  reported  by  Franks  (1978). 
A  sampling  of  relevant  guidepoints  follows. 

Complexity  of  design.    An  immediate  consideration  in  the  design 
of  any  tactile  aid  is  complexity.    Tactile  displays  for  blind  stu- 
dents differ  from  visual  displays  for  sighted  students  in  that  the 
blind  student  requires  tactual  interaction  with  the  aid  or  apparatus. 
The  studies  investigated  revealed  that: 

1.  Contrast  is  the  most  important  principle  for  raised-line 
diagrams  and  simplicity  is  possibly  the  second  most  impor- 
tant (Schiff,  1966). 

2.  On  simple  tests  of  tactual  perception,  both  good  and  poor 
braille  readers  were  found  to  perform  equally  well.  Good 
braille  readers  were  able  to  handle  highly  complex  factu- 
ally perceptive  material  better  than  poor  readers  (Weiner, 
1963). 

3.  Tactile  arrays  should  be  kept  as  simple  as  possible  and 
the  number  of  symbols  kept  to  a  minimum  (Schiff,  Kaufer,  & 
Mosak,  1966;  Wiedel,  1969;  Wiedel  &  Groves,  1969). 

Discriminabi  1  i ty  of  symbols.    Three  types  of  patterns  —  point , 
linear,  and  areal  symbols—are  needed  for  graphic  communication. 

1.  Discrete  sets  of  point,  linear,  and  areal  symbols  have 
been  identified  by  Nolan  and  Morris  (1971)  in  studies  of 
tactual  symbols  for  blind  children.    This  reference  also 
contains  a  review  of  related  literature. 

2.  Discrete  sets  of  symbols  were  identified  by  Gill  and  James 
(1973)  and  Wiedel  and  Groves  (1969).    Some  point  symbols 
which  are  often  confused  were  identified  by  Jansson  (1972). 
This  reference  also  contains  a  review  of  literature  on 
point  symbols . 

3.  Blind  students  may  have  difficulty  in  recognizing  differ- 
ences in  sizes  of  embossed  dots  as  they  appear  in  combina- 
tion with  each  other  or  with  certain  other  symbols  (Nolan 
&  Morris ,  1963) . 
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4.  Textured  sandpaper  surface  patterns  of  varying  degrees  of 
roughness  are  effective  means  of  indicating  different  areas 
when  size  differences  are  moderate  or  large  (Nolan  &  Morris, 
1965;  Schiff  &  Isikow,  1966). 

5.  There  are  probably  large  differences  in  degrees  of  noisi- 
ness among  any  set  of  discriminable  textures  (Lederman  & 
Taylor,  1972) 

6.  A  difference  of  two  millimeters  between  histograms  is  barely 
adequate  and  actually  too  small  for  efficient  interpreta- 
tion (Schiff  &  Isikow,  1966). 

7.  Distance  between  dots  (.90  inch),  distance  between  braille 
cells  in  a  line  (.160  inch),  and  distance  between  lines  of 
braille  print  (.220  inch)  — distances  occurring  in  Standard 
English  Braille--are  easily  read  (Meyers,  Ethington,  & 
Ashcroft,  1958;  Weinstein,  1968). 

8.  Overall  legibility  of  areal  symbols  remains  good  until  the 
symbols  are  reduced  to  three-quarter  inch  squares  (Nolan  & 
Morris,  1963)  or  to  one-half  inch  squares  (Heath,  1958). 

Tactile  edges  and  lines.    Raised  lines  (Nolan,  1971)  and  dis- 
tinctive  tactile  edges  (Schiff,  1966)  are  excellent  ways  of  pro- 
viding discriminable  differences  in  area  coding. 

Stimulus  redundancy.    Redundancy  involves  encoding  a  message 
so  that  it  contains  more  syllables  or  stimuli  than  the  minimum  neces- 
sary to  transmit  the  information  contained  in  the  message.    As  dia- 
gram difficulty  increases,  additional  redundancy  appears  to  play  a 
role  in  reducing  errors.    The  best  method  of  presentation  in  dia- 
grams when  "noise"  level  is  high  is  the  textured  and  raised  format 
(Schiff  &  Isikow,  1966). 

Scanning.    Scanning  or  tactual  inspection  of  tactile  displays 
requires  physical  interaction  for  adequate  comprehension  of  the  sym- 
bols employed  in  the  displays. 

1.  Although  braille  is  often  considered  to  be  a  difficult, 
cumbersome,  and  illogical  system,  children  learn  to  read 
braille  and  to  read  it  quite  well  (Ashcroft,  1960). 

2.  The  braille  character  is  the  perceptual  unit  in  braille 
word  recognition  (Nolan  &  Kederis,  1969). 

3.  The  blind  cannot  "scan"  a  map  but  must  form  an  image  of  it 
piece-by-piece  (Sherman,  1965). 

4.  Size  should  be  such  that  the  user  can  cover  a  significant 
portion  of  a  map  with  one  hand  and  orient  with  the  other 
hand  (Wiedel  &  Groves,  1969). 
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5.    Berla"  and  Murr  (1976)  describe  the  preliminary  scanning 
operation  of  blind  students  as  a  two-handed,  rapid,  global, 
and  unsystematic  inspection  with  the  finger  tips.  They 
found  that  training  students  to  scan  is  effective  before 
strong  habits  have  been  established. 

Content  Considerations 

Teachers  and  students  were  unanimously  pleased  with  the  over- 
all program  organization,  content,  and  format.    They  were  able  to 
respond  with  ease  to  the  items  on  the  interview/evaluation  form. 
The  following  guidelines  for  content  development  incorporate  infor- 
mation from  reviews  by  content  experts,  from  observations  by  pro- 
ject staff,  and  from  interview/evaluation  responses  by  participating 
teachers  and  student  project  assistants.    Each  guideline  presents  a 
statement  or  point  of  emphasis  followed  by  specific  items  from  the 
interview/evaluation  form.    Some  of  the  items  have  been  edited  to 
make  them  more  appropriate  for  use  as  a  checklist  by  the  specialist 
who  would  develop  materials  for  student  use. 

Overall  unit  organization,  content,  and  format.  Appropriate 
content  level,  accuracy  of  information,  and  reasonable  length  of 
the  program  are  critical. 

The  overall  unit  organization,  content,  and  format: 

1.  Follows  a  logical  sequence. 

2.  States  essential  information  clearly. 

3.  Explains  effectively  the  phases,  processes,  steps, 
and/or  critical  content. 

4.  Makes  adequate  use  of  models  as  a  part  of  the  program. 

5.  Is  easily  followed. 

Instructions  for  use.    Instructions  should  use  vocabulary 
appropriate  to  target  (grade)  level,  should  minimize  use  of  techni- 
cal or  specialized  terms,  and  should  be  concise. 

The  instructions  for  use: 

1.  Provide  essential  information  for  use  of  all  components 

2.  Are  stated  clearly. 

3.  Follow  a  logical  sequence  in  presentation  of  components 

Overview  section.    The  overview  section  is  very  important. 
Braille  students  particularly  relied  heavily  on  this  section. 
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The  overview  section: 

1.  Summarizes  clearly  the  events  and/or  activities  in 
each  step  or  phase  presented. 

2.  Includes  information  essential  to  understanding  what 
the  program  presents. 

3.  Employs  only  critical  biological  or  scientific  vocabu- 
lary in  this  section. 

Introduction  section.    This  is  a  warmup  section  to  get  students 
going.    It  should  be  concise  and  simple. 

The  introduction  section: 

1.  Provides  information  for  proceeding  with  the  unit  or 
phase. 

2.  Includes  essential  information  only. 

Model  orientation.    A  description  of  the  model  used,  its  con- 
tent, and  the  location  of  structures  displayed  on  the  model  are 
critical.    At  this  point  it  is  assumed  that  all  models  have  passed 
legibility  testing. 

The  model  orientation: 

1.  States  instructions  and  descriptions  clearly  and  simply. 

2.  Includes  essential  information  for  locating  structures 
on  the  model . 

Unit/phase  content.    Students  expressed  more  concern  over 
spelling  of  terms  than  their  frequency  of  appearance.    When  queried, 
however,  some  felt  that  less  difficult  specialized  vocabulary  should 
be  used  in  prebiology  materials. 

The  unit/phase  content: 

1.  Conveys  overall  information  clearly. 

2.  States  specialized  vocabulary  and  biological  terms 
expl ici tly . 

3.  Relates  vocabulary  and  events  to  the  content  in  each 
phase. 

4.  Relates  clearly  the  use  of  the  models  in  the  content. 

5.  Uses  language  which  is  appropriate  for  prebiology  stu- 
dents . 
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Summary.    Students  stated  that  the  summaries  (along  with  the 
overviews)  were  very  valuable  and  that  they  depended  on  them  greatly. 
Again,  they  suggested  that  only  critical  terminology  should  be  used 
in  the  summaries . 

The  summary: 

1.  Provides  a  helpful  review  of  each  phase/unit. 

2.  Includes  essential  information. 

3.  Summarizes  clearly  the  events  of  each  phase. 

Unit  tests  and  exercises.    Braille  students  particularly  noted 
that  the  question  and  answer  activities  made  learning  easier  and 
reduced  the  amount  of  note- taking  for  them.    Some  advanced  biology 
students  felt  that  there  was  redundant  presentation  of  information 
in  the  questions  and  answer  sections.    Several  indicated  that  they 
usually  skipped  over  these  portions.    Braille  students  and  a  number 
of  large  print  students  liked  the  immediate  feedback  provided  by 
the  answers. 

The  unit  tests  and  exercises: 

1.  Provide  a  helpful  review  of  each  phase. 

2.  State  questions  and  answers  clearly. 

Glossary.    Students  were  insistent  upon  having  access  to  a 
braille  or  large  print  glossary—not  a  taped  version.    Students  did 
not  object  strenuously  to  the  use  of  scientific  or  biological  terms 
in  the  content  if  a  glossary  would  be  available.    They  did  want  the 
terms  spelled  out—letter  by  letter--in  the  text,  and  braille  stu- 
dents wanted  contracted  spelling  in  the  glossary. 

The  glossary: 

1.  Provides  adequate  coverage  of  specialized  terms  and 
biological  vocabulary.    (These  terms  are  indicated  on 
the  tapes  by  a  "click. ") 

2.  States  definitions  concisely, 

3.  Uses  definitions  which  are  relevant  to  the  content  pre- 
sented. 

4.  Defines  terms  operationally  when  appropriate. 

Models .    The  models  elicited  the  most  enthusiastic  responses. 
Students  were  impressed  with  the  legibility  and  arrangement  of 
structures . 
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The  models : 


1.  Are  of  durable  construction. 

2.  Are  of  adequate  size  for  manipulation  and  inspection. 

3.  Use  symbols  appropriate  for  the  structures  they  repre- 
sent. 


Tapes .    The  readers  for  the  tapes  were  professionals  who 
record  on  a  regular  basis  for  the  American  Printing  House  for  the 
Blind.    Students'  major  complaint  was  of  excessive  lead-in  time. 

The  tapes : 

1.  Provide  adequate  lead-in  time. 

2.  Include  pauses  of  sufficient  length  in  the  text. 

f 

3.  Use  readers  with  good  voice  quality. 


4.    Provide  adequate  overall  quality. 


Labeling  and  packaging.    Labeling  of  models  and  packaging  of 
the  instructional  materials  should  facilitate  self-instruction  and 
independent  use.    The  greatest  amount  of  criticism  and  questioning 
came  regarding  packaging.    The  materials  were  not  presented  to 
students  in  production  packaging.    Models  were  not  labeled  since 
sequencing  models  was  a  part  of  the  evaluation. 

Expert  Teacher  Considerations 

When  a  draft  of  the  guidelines  had  been  prepared,  the  project 
leader  met  with  a  blind  resource  teacher  at  the  junior  high  level 
to  review  and  critique  the  guidelines.    The  teacher  had  previously 
reviewed  the  models  and  tapes,  considering  those  elements  which 
have  implications  for  preparation  of  self-instructional  materials 
for  upper  elementary  and  junior  high  school  students.    The  teacher 
had  prepared  instructional  materials,  including  tapes,  for  students 
at  these  grade  levels  and  had  reviewed  and  evaluated  a  number  of 
American  Printing  House  materials  with  taped  components.  This 
participating  teacher  was: 


Mr.  Donald  Banning 
Resource  Teacher 

J.  V.  Fairchild  Junior  High  School 
3900  Jefferson  Highway 
Jefferson,  Louisiana  70121 
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The  teacher  reviewer  thought  that  the  overall  unit  organization, 
the  content  outline,   and  the  format  would  be  appropriate  for  devel- 
oping materials  for  prebiology  students.    He  agreed  generally  with 
the  guidelines  presented,  but  expressed  some  specific  concerns 
related  to  instruction  of  younger  students.    Suggestions  and  consid- 
erations resulting  from  these  sessions  follow. 

1.  The  introduction  or  instruction  for  use  sections  should  pro- 
vide a  brief  review  to  provide  a  background  for  the  infor- 
mation presented.    Audio- tutorial  reference  materials  in 
cell  division  for  prebiology  students,  for  example,  would 
briefly  review  the  basic  cell. 

2.  All  models  should  be  kept  simple  and  free  of  raised-line 
indicators,  captions,  and  information  not  specifically  a 
part  of  the  model  structure  displayed. 

3.  More  operational  definitions  should  be  provided  within  the 
text  of  the  materials. 

4.  More  "tactile"  oriented  comparisons  should  be  provided  when 
possible. 

5.  Although  the  content  will  often  include  numerous  scientific 
terms,  try  to  avoid  an  over-sophisticated  presentation  in 
the  content. 

6.  The  overview  and  summary  sections  should  be  kept  simple  with 
a  minimum  number  of  scientific  terms  used. 

7.  Some  questions  should  refer  to  significant  events  or  infor- 
mation contained  on  previous  tapes  for  review  and  to  pro- 
vide continuity.    There  may  be  a  considerable  time  lapse 
between  the  use  of  the  tapes  in  a  series. 

8.  The  question  was  posed  of  placing  the  answers  to  questions 
further  from  the  questions  and  the  consideration  of  a  pro- 
grammed instruction  approach. 

9.  The  preparation  of  a  taped  glossary  should  be  considered 
for  increasing  numbers  of  poor  print  and  braille  readers 
and  for  nonreaders. 

10.    Instructions  to  students  on  note-taking  should  be  included 
either  in  the  program  or  by  the  teacher. 


27 


Dissemi  nation 


In  October  1980  the  Educational  Aids  Committee,  composed  of  ex 
officio  trustees  of  the  American  Printing  House  for  the  Blind,  met 
and  approved  for  production  the  self-instructional  package  of 
meiosis  and  mitosis  models  and  scripts  of  the  tapes.    They  speci- 
fied that  the  models  be  constructed  in  polyurethane.    When  the 
materials  are  produced,  a  brochure  describing  them  will  be  circu- 
lated to  all  state  departments  of  instruction  (programs  for  handi- 
capped) and  to  all  residential  schools  for  blind  students  in  the 
United  States.    Finally,  the  project  materials  will  be  included  in 
the  American  Printing  House  Catalog  of  Educational  and  Other  Aids 
which  has  national  and  international  circulation. 

A  summary  report  of  the  project  has  been  included  in  the  Report 
of  Research  and  Development  Activities  at  the  American  Printing  House 
for  the  Blind  (1980)  and  circulated  to  ex  officio  trustees  in  the 
above  programs  for  the  handicapped.    The  names  of  participating 
experts,  supervising  teachers,  and  cooperating  schools  were  included 
in  the  report. 

A  project  report  has  been  written.    It  is  anticipated  that 
summarized  versions  will  be  submitted  to  professional  journals  for 
publication  to  inform  educators  nationally  of  the  availability  and 
content  of  the  program.    Information  will  be  made  available  to  Sci- 
ence for  the  Handicapped  at  the  National  Science  Teachers  Conven- 
tion, 1981,  and  an  announcement  supplied  to  Science  for  the  Handi- 
capped Newsletter.    A  project  summary  will  be  prepared  and  submitted 
to  the  Division  for  the  Visually  Handicapped  Newsletter,  Council  of 
Exceptional  Children,  to  further  inform  special  educators  of  the 
availability  of  the  materials.    A  similar  announcement  will  be  for- 
warded to  the  Fountainhead,  published  by  Association  for  Education 
of  the  Visually  Handicapped. 

Implications  for  Future  Development 

A  sophisticated  set  of  audio-tutorial  reference  materials  in 
cell  division  for  blind  students  was  successfully  developed  and 
evaluated.    The  unanimous  acceptance  of  the  materials  by  secondary 
blind  students  and  their  teachers  suggests  that  the  materials  are 
appropriate  for  student  use.    Implications  are  for  successful 
development  of  additional  self-instructional  reference  materials  in 
science  for  legally  blind  and  for  physically  handicapped  students 
who  have  a  need  for  such  materials  at  secondary  or  college  level. 

A  subordinate  objective  of  the  project  addressed  the  development 
of  self-instructional  materials  for  upper  elementary  and  prebiology 
students  in  science.    Guidelines  for  such  development  based  on  infor- 
mation gained  from  the  project  were  suggested.    The  guidelines  were 
adapted  from  the  student/teacher  interview  forms  used  in  the  evalua- 
tion of  the  materials.    The  potential  materials  developer  can  use  the 
guidepoints  in  each  category  as  checklist  items  for  such  development. 
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